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Abstract 
 

This study evaluates the performance of a new geomaterial (GEOM) based on sodium 
montmorillonite clay (Na-Mt), local activated carbon (CAC) and fine powder local 
cement (Chlef plant western Algeria) to remove ammonia from fish farming in a 
recirculating aquaculture system. The aqueous ammonium (NH4

+/NH3) adsorption 
efficiency of GEOM was compared with its two principals’ constituents (Na-Mt and 
CAC) and another commercial activated carbon (CAG). The results of X-ray diffraction 
(XRD) and Fourier transform infrared (FTIR) spectroscopy were used to assess the 
chemical and physicochemical properties of studied adsorbents. The maximum 
adsorption capacity of NH4

+ on GEOM of about 15.57 mg. g-1 seems to be similar to 
that of Na-Mt 16.82 mg. g-1. The study of solution pH showed that the best NH4

+/NH3 
removal efficiency was at pH=6 for both GEOM and Na-Mt. The efficiency of GEOM for 
ammoniacal nitrogen (NH4

+/NH3) removal was 79.3% in ultrapure water, 94.05% in 
seawater and 97.5% in real aquaculture wastewater. Thus, the proposed material, 
GEOM, can be used as a filter material in a bio-filtration process to treat aquaculture 
wastewater in a real-world context. 

 

Introduction 
 

The development of aquaculture technology 
allows users to reduce their dependence on captured 
fisheries and remedy the phenomenon of the observed 
decline in the number of fish (Boyd et al., 2020; Gephart 
et al., 2020). Indeed, the global growth of aquaculture 
industries has led to a diversification of undesirable 
environmental impacts through the discharge of 
substantial amounts of polluting effluents containing 
uneaten feed and feces (Chávez-Crooker and Obreque-
Contreras, 2010; Ahmad et al., 2022). Also, the intensive 
development in the aquaculture industry has caused 
major environmental impacts (Mook et al., 2012). These 
various aquaculture wastewater discharges contain 

many nitrogenous compounds (ammonia, nitrite, and 
nitrate), phosphorus, and organic matter resulting from 
food remains and fish excrement (Dauda et al., 2019; 
Mavraganis et al., 2020). It causes environmental 
deterioration and local impacts at high concentrations, 
such as eutrophication and algal blooms (Nora’aini et al., 
2005; Dauda et al., 2019).  

In aquaculture, ammonia is the predominant form 
of nitrogenous wastewater (John, Krishnapriya, and 
Sankar, 2020; Liu et al., 2023) Ammonium exists in water 
either as ammonium ions or as non-ionized ammonia 
(NH3) (Peterson, Bahr, and Kling, 1997; Radu and 
Racoviteanu, 2021). They are used to describe nutrient 
availability and nitrogen dynamics in water (Belhouchet 
et al., 2024). Total ammonia nitrogen is referred to as 
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the sum of N-NH4
+ and N-NH3 (Wang, Li, Chen, et al., 

2020). The relative proportions of NH3 and NH4
+ depend 

on pH, temperature, and, to a lesser extent, salinity 
(Dunegan, 2020). The NH3form is bioavailable and toxic 
to most aquatic animals due to its ability to diffuse 
through gill membranes (Cheng et al., 2019). At 
concentrations above 40µg. L-1, ammonia species (NH3) 
can cause respiratory stress to fish and make them more 
vulnerable to parasitic and infectious agents (Haywood, 
1983; Person-Le Ruyet and Bœuf, 1998; Ip, Chew, and 
Randall, 2001). The assimilation of the nitrogen 
oxyanions as nutrients by aquatic plants, i.e., algae and 
phytoplankton, leads to eutrophication and perturbs the 
eco- stability (Mook et al., 2012; Belhouchet et al., 
2024). Growing awareness of the harmful effects of 
ammonia discharged from wastewater treatment 
facilities into natural water systems has resulted in the 
adoption of laws and regulations limiting the discharge 
of ammonia (Bernet et al., 2000; Değermenci and Yildiz, 
2021). 

Consequently, many attempts have been made to 
remove ammonia from water systems. The approaches 
include biological treatment, chemical precipitation, 
flocculation and coagulation, adsorption, and ion 
exchange processes (Değermenci and Yildiz, 2021). 
Biofiltration is a traditional technology widely used to 
remove ammonia N-NH4

+ in aquaculture wastewater, 
mainly including physical, chemical, biological, and 
integrated treatment processes (Liu et al., 2020). 
Biofiltration is one of the traditional technology widely 
in aquaculture to remove aqueous ammonium 
wastewater, mainly including physical, chemical, 
biological, and integrated treatment processes (Liu et 
al., 2020). It consists of a large compartment filled with 
materials comprising specific grooves for a maximum 
surface area where bacteria can be established in 
biofilms (Roalkvam et al., 2020). The advantage of 
biofilters is applying micro-organisms to remove these 
nitrogenous wastes from fish feces and residual feeds 
(Jiang et al., 2019). Ammonia and nitrite are removed 
through nitrification, first by oxidizing ammonium into 
nitrite and then further oxidizing nitrite into nitrate 
(Schreier, Mirzoyan, and Saito, 2010; Preena, Rejish 
Kumar, and Singh, 2021; Tuyet et al., 2022; Su et al., 
2023). This reaction is achieved by autotrophic bacteria, 
such as ammonia-oxidizing bacteria and nitrite-oxidizing 
bacteria (Ruiz et al., 2020). Therefore, a healthy and 
stable microbial community can efficiently perform 
waste removal (Jiang et al., 2019). To optimize the 
removal of waste compounds, the biofilter should 
receive a stable supply of ammonia and organic matter 
(Blancheton et al., 2013). However, the biological 
method may be ineffective in treating saline water (Lee 
et al., 2019; Roalkvam et al., 2020). Furthermore, the 
water to be purified must have a pH adapted for the 
purifying bacteria and be free of any chemicals likely to 
harm the biological performance of the bacteria, such as 
chlorine and antibiotics, which presents an additional 
burden for the aquaculturist. In addition, there are other 

disadvantages linked mainly to the poor elimination of 
excess biofilms, the high consumption of dissolved 
oxygen, the high production of CO2, the biofouling of 
sandy environments, the high pumping costs, the speed 
of anoxia of sand beds which would lead to pressure 
losses, particularly in mechanical and/or biological 
filtration (Hammer, 2020). 

In another way, innovations in biofiltration can 
provide effective solutions to overcome crucial water 
pollution problems (Suprihatin et al., 2017). Adsorption 
to solid media has many favorable characteristics, 
including high removal efficiency, ease of operation, and 
low energy consumption. These significant advantages 
make it a promising method to be applied on a 
commercial scale (Cruz et al., 2019). As a result, 
numerous adsorbent materials have been studied due 
to the impact of NH3/NH4

+ emissions.  
In this research area, natural and/or modified 

materials based on clays (Na-Mt, etc.), zeolite, and 
biochar were used to remove NH4

+ in aqueous phases, 
while activated carbon and metal organic frameworks 
MOFs were employed to eliminate NH3 in gas phases 
(DeCoste and Peterson, 2014; Xu et al., 2022). Even 
though conventional materials are relatively abundant 
and low-cost, their affinities towards NH3/NH4

+ have 
been shown to be low  (Han et al., 2021). The adsorption 
process has been extensively used in recirculating 
aquaculture systems to remove organic chemicals and 
total organic carbon TOC (Rosenthal 1993). The most 
important parameters in this method are porosity and 
BET-specific surface area (Mook et al., 2012). However, 
those materials were only prepared in the laboratory 
with tedious preparation procedures using expensive 
precursors. Hence, the yield is low, and material 
properties vary greatly (Han et al., 2021). 

This study proposes a new geocomposite 
adsorbent called GEOM. This material is made by mixing 
sodium montmorillonite (Na-Mt) activated carbon and 
fine powder cement. These three local constituents, 
which are economically less expensive than commercial 
substrates, will be able to eliminate important 
nitrogenous and carbonaceous pollutants from 
aquaculture discharges.  

Practically, sorption tests are carried out to 
examine and evaluate the treatment performance of 
aquaculture waste in the elimination of ammonia 
pollution in aqueous medium. 

The advantages of using this type of material 
include high adsorption capacity, low production costs, 
environmentally friendly consequences, unchanged 
molecular structure in the separation process at room 
temperature, and no product accumulation in the 
membrane. 

This study, therefore, proposes the following steps: 
(i) Development and use of a new elaborate adsorbent 
GEOM based on (Montmorillonite) Na-Mt constituent as 
natural aluminosilicate, natural activated carbon CAC, 
and PC fine powders of cement (These three local 
constituents, which are economically less expensive 
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than commercial substrates, will be able to eliminate 
important nitrogenous and carbonaceous pollutants 
from aquaculture discharges); (ii): Sorption tests onto 
GEOM of ammonia existing at high concentrations in 
aquaculture discharges; (iii): Selection of the most 
promising sorbents for a possible more detailed study of 
their behavior in an adsorption process in both 
discontinuous and continuous systems for aquaculture 
wastewater. 

 

Material and Methods 
 

Reagents 
 

All reagents were of analytical grade and used 
without further purification, and deionized water was 
used throughout the experiments. The ammonia stock 
solution is prepared by dissolving 1g.L-1 of ammonium 
chloride NH4Cl stock solution with deionized water. This 
solution was used for successive dilutions to prepare 
synthetic solutions used in the other tests. Ammonium 
concentration was measured by an automatic method 
using “Auto-Analyzer SAN PLUS” based on continuous 
flow colorimetry. The operation of the device is based 
on a simple dynamic principle, that of liquid analysis in 
continuous flow: the determination of ammonium 
(NH4

+) is carried out according to the method of Koroleff 
(1969) (Aminot and Chaussepied 1983). 

 
Sorbents 
 
Montmorillonite Homoionization 
 

Montmorillonite (Mt) furnished by ENOF Company 
(Maghnia deposit from western Algeria) was used as a 

starting material. It is composed essentially of 
montmorillonite (Mt) (75%) with minor impurities 
(quartz, feldspar, calcite) and was described previously 
in several works. To obtain the sodic-montmorillonite 
(Na-Mt), the raw Mt sample was immersed into NaCl 
(1 M) solution. Montmorillonite homoionization was 
carried out according to the protocol cited by (Khalaf et 
al., 1997; Melouki et al., 2022). The recovered powder is 
sodic-montmorillonite (Na-Mt). All these experiments 

were accomplished at room temperature (T=2501°C) 
(Melouki et al., 2022). 

 
Geomaterial Preparation  
 

The new geomaterial GEOM was prepared by 
mixing (70%) purified homoionized montmorillonite 
(Na-Mt) with (5%) of activated carbon (CAC) (olive 
kernels-based), 10% of fine powder cement (Chlef plant 
in western Algeria containing 94.8% w/w SiO2), and 
finally, a fine amount of polymer and silica. The organic 
phase is a water-soluble polymer. The preparation of 
this geomaterial GEOM is illustrated previously by 
(Hamdi et al., 2004; Houari et al., 2014). The mixtures of 
all constituents were kept for 72 h under moderate 
agitation (160 rpm). Obtained geomaterial is outside 
dried for several days and then stored at ambient 

temperature (T=201°C) (Figure 1). 
 
Adsorbent Characterization 
 

Prepared adsorbents were characterized by 
several experimental techniques such as chemical 
composition analysis using an XRF spectrometer 
PW2400 model, SEM (environmental scanning electron 
microscope) using Philips XL30 FEG for surface images at 

 
Figure 1. Digital photo of the elaborate geocomposite GEOM 
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nanometric scales, Fourier Transform Infrared (FTIR) 
using (Nicolet Magna-IR 760 Fourier transform 
spectrometer equipped with KBr separator). Specific 
surface area and pore volume have been determined 
using a volumetric device of type Micromeritics 
Asap2010. XRD characterization was carried out by using 
a Panalytical diffractometer X’pertPro MPD theta / 
2theta (Philips). 

 
Batch Adsorption Experiments 
 

Batch experiments were performed to examine the 
effects of pH, temperature and initial NH4

+ 
concentration, on ammonium adsorption on Na-Mt, 
GEOM, CAC and CAG matrices. These experiments were 

realized at room temperature (201°C). All batch 
adsorption experiments were carried out using 
Erlenmeyer (100 mL) in a thermostatic shaker with a 
solid/liquid ratio of 50 mg/50 ml.  

 
Adsorption Kinetic Experiments 
 

The optimum time required for the NH4
+ 

adsorption to attain equilibrium was determined as a 
function of contact time in the range of 0 to120 min of 
20 mg L-1 NH4

+ solutions at a fixed pH of 7 and 20°C. 
 

Effect of the pH 
The pH effect was tested in the system 

(Concentration: 20 mg NH4
+/L; Contact time; 2 h; pH 

range of 3 to 10). Accomplished kinetic studies 
determined this contact time at 20°C for the four 
substrates. The initial pH was adjusted by adding a few 
drops of 1 M (HCl or NaOH) solutions. 

 
Effect of the Temperature  
 

The influence of temperature on the retention of 
ammonia was also studied by working at several 
temperatures (10, 20, and 30°C). The volume was fixed 
at 50 mL of NH4Cl solution but in several different 
concentrations (2 to 50 mg. L-1).  
 
Adsorption Isotherms  
 

The effect of the initial concentration of ammonia 
on the capacity for the elimination of NH4

+ was 
evaluated by bringing into contact in several identical 
Erlenmeyer flasks solutions of ammonia of the same 
volumes but of different concentrations (2 to 50 mg.L-1) 
with the same masses of each solid material maintained 
under stirring (160 rpm) for 120 min. 
 
Adsorption Kinetics of NH4

+ on Developed Materials 
 
Theoretical Approach 
 

The removal efficiency (R%) for ammonia (NH4
+) 

and the equilibrium adsorption capacity (qt) were 

calculated, respectively, by using the following 
equations: 

 
Removal efficiency 

 

R%=
(𝐶0−𝐶𝑡)

𝐶0
× 100 (1) 

 
The adsorption capacities of NH4

+on different 
materials at any time (t) are expressed as Qt (mg. g-1), 
which was calculated by Eq. (1): 
 

𝑞𝑡 =
(𝐶0 − 𝐶𝑡) 𝑉

𝑚
 

(2) 

 
where, C0and Ct (mg L-1) are the initial 

concentration and the concentration of NH4
+ at time t, 

respectively. V (L) is the solution volume, and m(g) is the 
GEOM, Na-Mt and CAG mass. 

 
Adsorption Kinetics 
 

The kinetic data of NH4
+ adsorption onto GEOM, 

Na-Mt, CAG, and CAC were described by the non-linear 
fitting of the pseudo-first-order, pseudo-second-order, 
and Elovich kinetic models (Wu et al., 2020), 
respectively. 

 
Adsorption Model 
 

Establishing the correct mathematical model  is 
necessary to predict the adsorbent’s adsorption 
behavior and optimize the adsorption process (Ren et 
al., 2021). The Langmuir and Freundlich isotherm 
models were introduced to evaluate the experimental 
equilibrium data by virtue of the method of non-linear 
analyses. The relevant equations are as follows: 

 
Langmuir Model 
 

𝑞𝑒 =
𝑞𝑚𝑎𝑥𝑘𝐿𝐶𝑒

(1 + 𝐾𝐿𝐶𝑒)
 

(3) 

 
The linearized form is: 
 

𝐶𝑒

𝑞𝑒

=
1

𝑞𝑚𝑘1

+
1

𝑞𝑚

𝐶𝑒 
(4) 

 
Freundlich Model 
 

𝑞𝑒 = 𝑘𝐹𝐶𝑒
1/𝑛

 (5) 

 
The linearized form is: 
 

𝐿𝑛𝑞𝑒 = 𝐿𝑛 𝑘𝑓 +
1

𝑛
𝐿𝑛 𝐶𝑒 

(6) 

 
where, kF=Freundlich isotherm constant (mg. g-1), 

n=adsorption intensity; Ce=the equilibrium 
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concentration of adsorbate (mg.L-1), and qe is the 
adsorption capacity at equilibrium on the adsorbent 
(mg.g-1). kF and n are constants determined based on the 
experimental data (Khalil et al., 2018; Dada et al., 2012). 

 
Pseudo-First-Order Model  
 

The pseudo-first-order (PFO) kinetic model 
considers that the adsorption rate is directly positively 
related to the concentration of the adsorbate in the 
solution, and the resistance to mass transfer in the 
particles is the limiting factor. The equation is as follows 
(de Jesus Ruiz-Baltazar, 2018; Simonin, 2016): 
 

𝑞𝑡 = 𝑞𝑒(𝑒𝑘1𝑡) (7) 
 

The linearized form is: 
 

𝐿𝑛 (𝑞𝑒 − 𝑞𝑡) = 𝐿𝑛𝑞𝑒 − 𝑘1𝑡 (8) 
 

With qt represent the amount of adsorbed solute, 
qe its value at equilibrium, k1 the pseudo-first order rate 
constant and t the time. 
 
Pseudo-Second-Order Model  
 

The (PSO) kinetic model considers that the 
adsorption rate is positively related to the square of the 
adsorbate concentration in the solution, and the 
adsorption mechanism mainly limits the adsorption 
rate. The equation is as follows (Shaban et al., 2017; de 
Jesus Ruiz-Baltazar, 2018): 
 

𝑞𝑡 = 𝑘2𝑞𝑒
2𝑡/(1 + 𝑘2𝑞𝑒𝑡𝑞 (9) 

 
The linearized form is: 

 
𝑡

𝑞𝑡
⁄ = 𝑡

𝑞𝑒
⁄ + 1

𝑘2 ∗ 𝑞𝑒
2⁄  (10) 

 
With k2 is the pseudo-second order kinetic rate 

constant. 
 

Intraparticle Diffusion Model 
 
The intraparticle diffusion model (IDM) describes 

that substances undergo external and internal diffusion 
of substances in the adsorption process. It usually 
identifies the speed-limiting procedure in the whole 
adsorption course. The model is as follows (Dos Santos 
et al., 2014): 
 

𝑞𝑡 = 𝑘𝑖𝑑𝑡1/2 + 𝐶 (11) 
 

Where, kid is the internal diffusion rate coefficient 
[mg/(g·min1/2)], and C is a coefficient related to the 
thickness of the surface bounding layer of the 
adsorbent. 

 

Results and Discussion 
 

Characterization of Adsorbents 
 
X-ray Diffraction (XRD) 
 

X-ray diffraction analysis of studied materials 
allows for identifying the crystallized mineral phases in 
the elaborated materials. In (Figure 2a, b) we notice a 
noticeable difference between the two diffractograms 
(Figure 2a, b) with a high percentage of montmorillonite 
in Na-Mt. The main peaks at (2θ=8.84°, 2θ=17.88° and 
2θ=19.92°) present on the diffractograms are 
characteristic of the montmorillonite (Ait Hamoudi et 
al., 2014). On the other hand, the peak correlated at 
montmorillonite in GEOM is much less intense. This is 
caused by adding other constituents like activated 
carbon, cement and silica, causing a screen effect. In 
addition, traces of quartz are also present on these 
diffractograms, respectively at (2θ=25.20°, 2θ=26.67°, 
2θ=27.56° and 2θ=37.79°) (Ait Hamoudi et al., 2014). 
 
Infrared Spectroscopy FTIR 
 

Infrared Spectroscopy spectra were recorded in a 
4000-400 cm−1 wavenumber range. The FTIR spectra of 
the montmorillonite (Figure 3) show the presence of 
absorption bands located in 3400 cm-1 and 1630 cm-1, 
which characterize the state hydrated by Na-Mt. Bands 
located in 820 cm-1 and 750 cm-1 characterized bonds Al-
O and Si-O responsible for the structure of the three-
dimensional arrangement of the Na-Mt (Rodriguez-
Iznaga et al., 2002). As shown in Figure 3, the FTIR of the 
geomaterial is more complex, while those of the 
composite contain bonds in common with cement, Na-
Mt, silica, polymer, and activated carbon. FTIR shows 
the following functional groupings: 
- Hydroxyls OH broad band at 3623 and 3449 cm -1. 
- AlMgOH and AlAlOH located  at 817 and 921 cm -1, 

respectively  (Farmer, 1974; Ait Hamoudi et al., 
2014) 

- Al-OH at 913 and 793 cm -1. 
- Si-O-Aliv at 794 and 752 cm-1. 
- H2O in 1639 cm -1. 
- C=O at the region of 1860–1650 cm -1 (stretching 

vibrations corresponding to carbonyl and 
carboxyl groups) (Moreno-Castilla et al., 2000). 

- -CH2 in 2918, 2988 cm -1 (Ait Hamoudi et al., 2014) 
- A broad tap in 3620 cm 1 allocated in bonds -OH in H2O 

(Ait Hamoudi et al., 2014). 
 

Surface Morphology by SEM (Scanning Electron 
Microscopy) 
 

The SEM method was used to observe the 
difference in morphology between Na-Mt and the 
prepared geomaterial GEOM. Corresponding results are 
shown in Figure 4. (a). Examining SEM images shows 
that the surface of a particle of the montmorillonite is in 
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Figure 2. XRD-diffractogramms of (a) Na-Mt and (b) GEOM. 

 

 

Figure 3. FTIR spectra of GEOM and Na-Mt. 
 

  

Figure 4. Scanning electron microscope ‘SEM’ images of Na-Mt (a) and GEOM (b). 
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the form of an aggregate of connected plans. Plans on 
the surface are orientated face against the face and 
seem very brought closer, with irregular forms that do 
not have defined borders. The bars of the 
montmorillonite have a regular morphology, ordered 
with particular forms. The size of each one is in the order 
of the micrometer but does not allow elementary bars 
to be differentiated. Moreover, they are piled up one on 
the other (crystals joined face to face) to constitute 
masses. This suggests a strong tendency to agglomerate 
this clay. 

Furthermore, SEM images of GEOM in Figure 4 (b) 
indicate the heterogeneity of its structure. Indeed, we 
observe an assembly of several carbonaceous, silicate 
and aluminosilicate constituents. The presence of clay 
layers on the GEOM is very noticeable.  

 
Chemical Composition  
 

Table 1 lists the Na-Mt’s and the geocomposite’s 
chemical compositions. The corresponding results show 
the following phenomena: 

o The compounds do not contain harmful metal 
elements such as lead and cadmium.  

o The high percentage of carbon detected in the 
geocomposite is due to the presence of 
activated carbon, cement, and polymer.  

o The analyzed materials are formed largely by 
alumino-silicate SiO2 and Al2O3 (Konan, 2006).  

o These results confirm the mineralogical study 
carried out by XRD. 

 
Ammonia Removal by Developed Materials: 
Adsorption Kinetics 
 

The study of adsorption kinetics is important for 
evaluating the efficiency of ionic ammonia removal by 
the adsorption process on the studied materials. This 
part was conducted to select the optimal contact time 
for isotherm experiments. We first conducted kinetic 
studies at pH 6.4 using Na-Mt, GEOM, CAC, and CAG 
sorbents. The plots of qe against Ce for all elaborate 
adsorbents are reported in Figure 5.  

Table 1. Chemical composition of studied adsorbents 

Element 
Element % Atomic % Element  % Atomic % 

Na-Mt GEOM 

C 8.18 12.51 64.99 74.26 
O 56.16 64.50 23.75 20.37 
Na 1.11 0.89 0.43 0.26 
Mg 2.05 1.55 0.50 0.28 
Al 7.51 5.11 2.50 1.27 
Si 21.69 14.19 6.51 3.18 
K 0.71 0.33 0.31 0.11 
Ca 0.45 0.21 0.15* 0.05* 
Fe 2.16 64.5 0.87 0.21 

Total 100 100 100 100 
 

 

 

 

 
Figure 5. Adsorption kinetics of NH4

+ on the studied adsorbents C0(NH4
+) = 20 mg. L-1, pH = 6.4; m0  = 50 mg. 
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The four substrates show the same hyperbolic 
form characterized by fast and strong adsorption from 
the first minutes of contact (aqueous NH4

+ 
adsorbate/adsorbent). For all elaborate materials, the 
shape of the curves in the first region of the graphs 
indicates that, as more exchange sites are occupied by 
NH4

+, with the increase in contact time, it becomes more 
and more difficult for other NH4

+ in solutions to find and 
replace exchangeable cations (Figure 6. a).  

Adsorption rates are in the range of 81.05, 79.3, 
67.7, and 46.7% for Na-Mt, GEOM, CAG, and CAC, 
respectively. Na-Mt has the best removal performance 
of NH4

+ ions in an aqueous solution. Indeed, the 
purification of  the raw clay by the elimination of its 
crystalline phases, such as quartz and calcite, and the 

homo-ionization with the monovalent Na+ cation 
allowed the improvement of the CEC, which was 
confirmed by CEC analysis (Table 2) (the CEC increased 
from 65 for raw Mt to 92 meq/100g for purified homo-
ionized Na-Mt).  

These results are also consistent with the results 
obtained by (Maranon et al., 2006) related to the study 
of ammonium ion uptake from aqueous solutions using 
Romanian volcanic tuff. When the material is saturated 
with sodium ion Na+, this promotes the exchange with 
NH4

+ compared to other interfoliar cations (CEC of NH4
+ 

at more affinity with sodium zeolite and Na-Mt, for 
example) (Sprynskyy et al., 2005; Praus et al., 2008; 
Calvo et al., 2009).  

 

 

 

 

Figure 6. (a) Mechanism for removal of ammonium ions by cationic exchange in aluminosilicate material (Na-Mt and GEOM); (b) 

Illustration of competition of NH4
+ and H+ ions in the interfoliar space of aluminosilicate material. 

 

 

 

Table 2. Physico-chemical parameters of the studied materials 

Parameter Unite Na-Mt GEOM CAG CAC 

Particle size  µm 1,5 <  < 2,5 0,5<  < 1,5 3 <  < 6 1 <  < 3 
Bulk density  g.cm-3 2,22 2,05 0,71 0,80 
Apparent density  g.cm-3 1,45 1,39 1,67 1,77 
Porosity  % 34 32 57 54 
Specific surface area g.m-2 88,45 176,78 623 914 
Porous volume  cm3.g-1 0,23 0,111 0,80 0,68 
Microporous Volume,  cm3.g-1 0,098 0,078 0,37 0,38 
pH - 6,11 7,80 6, 71 6, 45 
CEC Meq/100g 92 71 - - 
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Globally, the GEOM retention capacity seems to be 
slightly lower than bentonite but higher than CAG. This 
is due to its nature and composition.  Earlier study 
(Seredych et al., 2008) on the retention of NH4

+ by 
graphene and a geocomposite prepared by a mixture of 
(graphene/Na-Mt) showed a 50% increase in the 
retention capacity of NH4

+ when Na-Mt is mixed with 
graphene. This result indicates that using the 
graphite/Na-Mt mixture improves the retention 
capabilities of NH4

+ by the graphite.  
In the second region of the graphs, we observed 

the presence of a semi-flat region, indicating a 
saturation condition (Ayawei et al., 2017). For the rest 
of our study, we fixed the contact time at 120 minutes. 

 
Effect of pH on Ammonia Removal 
 

In the adsorption process, the pH of the solution is 
an important parameter because of its role in the 
species solubilization, the surface of the adsorbent, and 
the rate of ionization of the adsorbate during the 
reaction. In this study, the effect of pH on (NH4

+) 
removal has been studied in the range of pH between 3 
and 11.  

Figure 7 shows that (NH4
+) retention increases 

when pH increases or approaches neutrality. It can be 
noted that the retention of ammonium by the four 
adsorbents is low when the pH range is below 6 (acidic 
pH). As the pH increases, the retention of ammonium 
ions increases. Thus, the optimal pH for Na-Mt is pH=6, 
corresponding to an elimination rate greater than 80%. 
Under these conditions, the optimal retention rate is 76 
and 70% for GEOM and CAG, respectively. 

In contrast, the optimal pH for CAC is in the neutral 
zone, with an NH4

+ elimination rate of around 50%. So, 

for aluminosilicate adsorbent (Na-Mt and GEOM). The 
small amount of NH4

+ removed by (Na-Mt and GEOM) in 
the acidic medium is linked to the strong competition 
between H+ and NH4

+ ions in the clay interfoliar system 
(Huang et al., 2010).  

In a basic medium, the hydroxyl groups (OH-) 
present in the solution could create bonds with the 
silicon atoms of incomplete tetrahedral. This leads to an 
increase in the density of negative charges of these sites. 
Also, a part of the OH- in solution will neutralize the 
population of H+ protons present in the solution.  

This state will have the consequence of increasing 
the number of negative charges on the surface, which 
will favor the binding of NH4

+ by Na-Mt and 
geocomposite. Thus, the activation of the phenomenon 
of cation exchange by the release of Na+ and retention 
of NH4

+ cations in the absence of competition of H+ ions 
(Figure 6. b). (Emerson et al., 1975) observed that for pH 
values below 7, ammonium exists mainly as NH4

+, 
irrespective of temperature. On the other hand, at a 
strongly basic pH (pH > 9), the concentration of NH4

+ 
ions in the solution decreases, which is accompanied by 
an increase in NH3 (Emerson et al., 1975; Yusof et al., 
2010). In such conditions, ammonia nitrogen may be 
present in ionized (NH4

+) and non-ionized (NH3) forms, 
the equilibrium of both species depending on pH and 
temperature values, according to the following 
equations: 
 

𝑁𝐻3 + 𝐻2𝑂 ↔ 𝑁𝐻4
+ + 𝑂𝐻− (12) 

Acid 𝑁𝐻3 + 𝐻3𝑂+ ↔ 𝑁𝐻4
+ + 𝐻2𝑂 (13) 

Basic 𝑁𝐻4
+ + 𝑂𝐻− ↔ 𝑁𝐻3 + 𝐻2𝑂 (14) 

 

 
Figure 7. Influence of pH on the adsorption of NH4

+ ion on the four studied substrates. C0 (NH4
+)=20 mg. L-1, m0=50 mg, T=20°C. 
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Therefore, the NH3 molecular form is favored in a 
strongly basic medium (Eq. 14). In this case, the removal 
rate of ammonia is not related to adsorption by different 
adsorbents but rather to its chemical transformation.  

Moreover, for carbonaceous materials, at pH < 6, 
the elimination of NH4

+ by CAC and CAG solids is 
unfavorable, especially at low pH values. This 
phenomenon can be attributed to the disturbance of the 
H+ or H3O+ protons in the vicinity of the active sites of 
activated carbon by electrostatic repulsion of the 
positive charges of the two cations (Zaini et al., 2009). 

 
Mechanism of Ammonium Removal by Different 
Prepared Materials 
 
Adsorption Isotherms 
 

The adsorption data were fitted with Langmuir and 
Freundlich models to study the NH4

+adsorption 
isotherms on the adsorbents. The fitting curves are 
presented in Figure 8 and 9, and the corresponding 
parameters are listed in Table 3. All calculations in this 
study were conducted using Microsoft Excel 2019. 

Depending on the correlation coefficient (R2), all 
adsorption behaviors of NH4

+ on the four studied 
adsorbents were fitted with the Langmuir and 
Freundlich equations, of which the Langmuir model was 
the best. 

One of the essential characteristics of Langmuir 
isotherm could be expressed by a dimensionless 
constant called equilibrium parameter RL, which is 
determined as follows (Eq. 15): 
 

𝑅𝐿 =
1

(1 + 𝑘1𝐶0)
 (15) 

 
Where, k1 is a Langmuir constant and C0 is the initial 

concentration. The value of RL is calculated using the 
above expression. The values of RL indicate the nature of 
the adsorption process (Lian, Guo, and Guo, 2009; 
Seliem et al., 2015). 

 
RL > 1  for unfavorable adsorption,  
RL = 1  for linear adsorption,  
0 < RL< 1  for favorable adsorption,  
RL = 0  for irreversible adsorption. 

  

  

Figure 8. Langmuir isotherm plots for the uptake of NH4
+ on the studied materials. 
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The maximum sorption capacities of NH4
+ by the 

two used activated carbon (CAG and CAC) are less than 
those of Na-Mt and GEOM. Indeed, the maximum NH4

+ 
adsorption capacity (qm) of GEOM is 15.08 mg. g-1, 
consistent with the experimental data (15.86 mg. g-1, 
Table. 3). Conversely, and in the same conditions 
(T=20°C) for the other materials, the maximum NH4

+ (qm) 
are different from those obtained experimentally with 
qm=75.18 mg. g-1 for Na-Mt, qm=37 mg. g-1 for CAC and 

qm=16.55 mg. g-1 CAG (Table 3). This difference can be 
attributed to the predominance of the cation exchange 
phenomenon (Na-Mt and GEOM) compared to the 
adsorption phenomenon (CAG and CAC). Moreover, it 
can be seen that all adsorbent materials’ best NH4

+ 
removal efficiency is recorded at a higher temperature 
(at T=30°C) with 250, 17.3, 23, and 21 mg. g-1 for Na-Mt, 
GOM, CAC, and CAG, respectively (Table 3). 

  

  

Figure 9. Freundlich isotherm plots for the uptake of NH4
+ on the studied materials. 

 
 
 

Table 3: Isotherm parameters for the adsorption of (NH4
+) by studied adsorbents 

Adsorbent  T 
Langmuir Freundlich  

q(exp) (mgg-1) KL (L.mg-1) qm (mg. g-1) R2 RL kF (L.g-1) 1/nF R2 

Na-Mt 

10°C 0.013 142.85 0.8102 0,7937 2.676 0.7301 0.8007 

16.21 20°C 0.027 75.18 0.6249 0,6494 2.181 0.9093 0.7814 

30°C 0.009 250 0.8417 0,8475 3.750 0.6324 0.7908 

GEOM 

10°C 0.075 17.00 0.9569 0,4000 2.068 1.7265 0.9478 

15.86 20°C 0.313 15.08 0.9343 0,1377 1.041 1.4136 0.8996 

30°C 0.097 17.30 0.8753 0,3401 1.319 1.2861 0.9509 

CAC 

10°C 0.069 27.25 0.9464 0,4202 1.882 0.7855 0.9818 

14.03 20°C 0.031 37.00 0.9270 0,6173 1.354 0.9266 0.9757 

30°C 0.058 23.00 0.9189 0,4630 2.090 0.7608 0.9647 

CAG 

10°C 0.081 09.84 0.9030 0,3817 1.017 1.4809 0.9818 

09.40 20°C 0.070 16.55 0.7085 0,4167 1.116 1.3529 0.8729 

30°C 0.063 21.23 0.8497 0,4425 1.956 1.2976 0.8887 
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These results suggested that ammonium 
adsorption onto these adsorbents was a mixture of 
monolayer adsorption and multilayer adsorption, 
resulting from the real heterogeneous nature of the 
surface sites involved in ammonia adsorption. The same 
results were reported by (Liu et al., 2010) in their study 
of ammonium adsorption by six agricultural residues. 
However, this would need to be confirmed by other 
thermodynamic studies in the future. 

The Freundlich model is commonly utilized to 
explain adsorption for heterogeneous materials 
(Wasielewski et al., 2021). In our study, 1/n parameters 
were higher than 0.1 for all adsorbent materials, with 
1.4, 0.9, 0.92, and 1.35 for GEOM, Na-Mt, CAC, and CAG, 
respectively (T=20°C). Corresponding values indicate 
favorable adsorption of NH4

+ onto all elaborate 
materials. Several studies have also demonstrated that 
the adsorption process of NH4

+ on various adsorbents 
was a better fit for the Freundlich model compared with 
other isotherm models, such as natural chabazite 
zeolite-rich tuff (Galamini et al., 2020), sepiolite (Balci, 
2004), porous diatomite (AbuKhadra et al., 2020). 

Adsorption Kinetics 
 
Kinetics analysis is an important method for 

identifying the limiting-velocity procedure in the 
reaction process (Ren et al., 2021). To explore the kinetic 
process and adsorption mechanism of NH4

+ on prepared 
adsorbents, a PFO, PSO as well as IPD kinetic models, 
were introduced to fit the test data. Figure 10a, b 
compares the linearized plots of the PFO and PSO. The 
values of the constants k1 (min-1), k2 (g.mg-1. min-1), the 
correlation coefficients (R2), the experimental and 
calculated adsorbed quantities qe(exp) and qe, as well as 
the extraction constant for the two models, are 
presented in Table 4. 

As shown in Table 4, calculated qe for the pseudo-
first-order are very small than qe(exp) of studied 
materials. However, the calculated qe for all adsorbents 
closer to their experimental values: qe=17.7, 15.75, 
14.06, and 9.67 and qe(exp)=16.21, 15.86, 14.03 and 
9.40 for Na-Mt, GEOM, CAC and CAG, respectively. 
These results indicate that the NH4

+ adsorption of 
prepared materials fitted well with the (PSO) kinetic 

  

 
Figure 10. Linearized kinetics for NH4

+ adsorption of all adsorbent materials: (a) Pseudo-first-order model, (b) Pseudo-second-order 

model and (c) intra-particular model. 

. 
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model. The obtained (qe) values confirm the evolution of 
the substrate efficiency obtained in the first 
experimental part of the kinetic study: qe (CAG) < qe 
(CAC) < qe (GEOM) < qe (Na-Mt). This result indicates that 
the adsorption of ammonium (NH4

+) by aluminosilicates 
(Na-Mt and GEOM) is better represented by the (PSO) 
kinetic model than the adsorption by carbon materials 
(CAC and CAG). These results show also that the 
adsorption kinetics of NH4

+ on various materials are 
consistent with the (PSO) kinetic model. Moreover, R2 
parameters for all prepared adsorbents are the 
highest for the (PSO) rate equation, which suggests that 
the prepared adsorbents adsorb NH4

+ by the (PSO) 
mechanism (Kameda et al., 2021; Cheng, Zhu, and Xing, 
2019).  

In addition, the good adaptation of the 
experimental results and the linear regression to the 
(PSO) model suggest that the fixation of NH4

+ on the 
studied materials is mainly due to chemisorption, which 
would imply forces and electron exchanges between the 
adsorbent and the adsorbate (Allaoui et al., 
2021).Several authors have reported similar results. The 
(PSO) best predicts the NH4

+ adsorption and other 
cations on the geopolymer, zeolite, sea shells, acid‐aged 
biochar, ion exchange resins, and zeolite, respectively 
(Luukkonen et al., 2018; Wang, Li, Zhang, et al., 2020; 
Allaoui et al., 2021; Kameda et al., 2021; Al-Sheikh et al., 
2021).  

 
Adsorption Mechanisms 
 

The intra-particle diffusion model was extensively 
studied to clarify the rate determining steps for studied 
materials further. This model can be used to elucidate 
the diffusion mechanism and investigate whether any 
intra-particle diffusion is the rate-limiting factor in the 
adsorption process. Figure 10 c shows the plots of qt 
against t1/2 comprising two separate linear portions.  

The linear regions of all the plots do not pass 
through the origin, which reveals that the adsorption of 

NH4
+ on the studied materials was a complex process 

(Sun et al., 2018). The first step of a higher slope (Kid1) in 
all conditions, representing external diffusion of NH4

+ on 
the adsorbent surfaces; the second step shows a 
decrease in the slope (Kid2) because of the increasing 
rate of adsorption reflected that the adsorption stage 
where intraparticle diffusion. However, the third region 
did not exist (horizontal line) because adsorption 
reached the equilibrium state (Wu et al., 2020). In 
addition, the adsorption rate followed the order of the 
first stage (kp1) > second stage (kp2) (Table 5). That was 
due to the decrement of active sites available for the 
adsorption, the low concentration of residual 
ammonium in the solution, and the thick boundary layer 
(Chen et al., 2016; Sun et al., 2018). This indicated that 
intra-particle diffusion was the rate-limiting step for the 
whole reaction. 
 
Influence of Water Composition on the Adsorption of 
NH4

+ by the Prepared GEOM 
 

We examined the ability of GEOM to adsorb 
NH4

+cations in the presence of salt water (filtered and 
sterilized seawater from CNRDPA’s marine farm) and on 
a real aquaculture discharge to better understand the 
influence of the chemical nature of water on the 
adsorption of NH4

+ by GEOM. The corresponding results 
(Figure 11) show that the yield of GEOM in seawater SW 
(high salinity; R=94.05%), or aquaculture effluent 
(complex composition; R=97.5%) and in ultrapure water 
(this study; ~80%), is always very important. This 
demonstrates that GEOM is an outstanding material 
that can be used to treat any water. 

 
Perspectives  
 

Low cost, high cation exchange capacity, surface 
reactivity due to silanol groups, and high affinity for 
cation metals are exceptional characteristics that make 
clay minerals attractive solids, with high demand for the 
preparation of various functional compounds.  

Table 4. Kinetic parameters of the adsorption of (NH4
+) by prepared adsorbents 

Adsorbent 
Pseudo-first order Pseudo-second order q(exp) 

K1  
(min-1) 

qe 
(mg. g-1) 

R2 
K2*10-4 

g.(min.mg)-1 
qe 

(mg. g-1) 
R2 (mg. g-1) 

Na-Mt 0.0654 18.92 0.5625 39.81 17.7 0.9734 16.21 
GEOM 0.0410 05.27 0.9676 3.78 15.57 0.9998 15.86 

CAC 0.0800 09.93 0.5839 8 14.06 0.9998 14.03 
CAG 0.0136 01.235 0.0640 18.03 09.67 0.9997 09.40 

 

 

 

Table 5. Intra-particular model constants and correlation coefficients of NH4
+ adsorption onto studied adsorbents 

Adsorbent 
Intra-particular 1 Intra-particular 2 

Kid1 
[mg/(g·min1/2)] 

C R2 
Kid2 

[mg/(g·min1/2)] 
C R2 

Na-Mt 6.33 12.55 0.997 0.002 16.80 0.706 
GEOM 1.86 6.39 0.998 0.118 13.95 0.8677 

CAC 1.874 5.03 0.987 0.003 13.78 1 
CAG 0.249 8.02 0.957 0.021 9.243 0.654 
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The biofilter is a system consisting of filling 
material. Based on the promising findings presented in 
this paper, the GEOM can be used for stuffing biofilters 
as filter material. This preliminary study showed 
promising and encouraging results for treating 
contaminated water with ionic ammonia (NH4

+) through 
local carbonated and aluminosilicate materials. To prove 
the application of these materials as filter materials in 
the biofiltration process, it is imperative to complete this 
study with several actions, including: 

 adsorption study of nitrogen and carbon 
pollutants in dynamic conditions; 

 GEOM granulation and its mechanical strength; 

 possibility of combining adsorption methods 
with biological methods. Indeed, prepared 
GEOM is a very rough filter material that is 
favorable for the development of bacteria and 
will contribute to eliminating nitrogen 
pollutants (ammonium, nitrates, and nitrites). 

 

Conclusion  
 

Characterization by SEM, XRD, FTIR and BET 
methods showed that GEOM sorbents are characterized 
by a mesoporous surface, a hydrophilic chemical 
surface, a specific surface relatively moderate and a high 
cation exchange capacity. Based on the results related 
to effects of contact time, initial ammonium 
concentration, pH, temperature, and coexisting cations 
on NH4

+ removal, it can be concluded that using GEOM 
as an adsorbent material in ammonia elimination has 
been very successful. For all prepared materials, the 
neutrality zone was shown to be the best condition for 
removing ionized ammonia NH4

+ for all prepared 
materials. The results showed that the (PSO) kinetic was 

more consistent with the adsorption of ammonia 
nitrogen. Langmuir and Freundlich’s adsorption 
isotherm studies demonstrated that the mechanism of 
ammonia nitrogen removal was by electrostatic 
interactions. The proposed material can be readily used 
as filter material in the biofiltration process for 
aquaculture wastewater treatment.   
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Figure 11. Influence of water composition on the adsorption of NH4

+ by the elaborate GEOM. 
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